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IRUPDOLVHGLQ5DWFOLIIDQG0F.RRQDPRUHUHILQHGDQGSV\FKRORJLFDOO\SODXVLEOHYHUVLRQRIWKHUHGXFHG
''0
$''0SURFHVV)LJXUH LVGHWHUPLQHGE\VHYHQSDUDPHWHUV 5DWFOLII	0F.RRQ9DQGHNHUFNKRYH	
7XHUOLQFN[

3LUURQH0DUVKDOO	6WDIIRUG 
-RXUQDORI1XPHULFDO&RJQLWLRQ
9RO±
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)LJXUH*UDSKLFDOUHSUHVHQWDWLRQRIWKH''0
7KHILUVWGHQRWHGE\DLVWKHERXQGDU\VHSDUDWLRQDQGLWFDSWXUHVWKHGLVWDQFHEHWZHHQWKHWZRWKUHVKROGVIRU
D GHFLVLRQ :KHQ D LV VPDOO WKH GHFLVLRQ LV IDVWHU EXW OHVV DFFXUDWH VLQFH JLYHQ QRLV\ IOXFWXDWLRQV LQ WKH
DFFXPXODWLRQRIHYLGHQFH LW LVPRUH OLNHO\ WRHQGXSDW WKHZURQJERXQGDU\ZKHQD LV ODUJH WKHGHFLVLRQ LV
VORZHUDQGPRUHDFFXUDWH$Q LQWHUSUHWDWLRQ IRU WKLVSDUDPHWHU LV WKHUHIRUH WKH WUDGHRIIEHWZHHQVSHHGDQG
DFFXUDF\IRUDGHFLVLRQ6HFRQGLVWKHVWDUWLQJSRLQWRIHYLGHQFHDFFXPXODWLRQGHQRWHGE\]$QLQWHUSUHWDWLRQ
IRUWKLVSDUDPHWHULVWKHELDVIRUHLWKHUUHVSRQVHLI] LVQRWHTXLGLVWDQWIURPWKHERXQGDULHVEXWQHDUHUWRWKH
RQHRI WKH WZR OLPLWV WKH VXEMHFWZLOO EH 
ELDVHG
 WRPDNH WKH FKRLFH FRUUHVSRQGLQJ WR WKHQHDUHU ERXQGDU\
ZKHQWKHDFFXPXODWLRQRIHYLGHQFHVWDUWVDWDWKHSURFHVVLVXQELDVHG,QWKHFDVHRIDELDVHGSURFHVVIDVW
UHDFWLRQWLPHV57VWRZDUGVWKHQHDUHUERXQGDU\DQGVORZ57VWRZDUGVWKHRSSRVLWHERXQGDU\DUHSUHGLFWHG
JLYHQWKDWWKHGLVWDQFHIURPWKHGHFLVLRQERXQGDU\LVVPDOOLQRQHFDVHDQGODUJHLQWKHRWKHU7KLUGLVWKHLQWHU
WULDOYDULDELOLW\RI]GHILQHGDVV])RXUWKLVWKHGULIWUDWHGHQRWHGDVYZKLFKUHSUHVHQWVWKHPHDQUDWHDWZKLFK
LQIRUPDWLRQLVDFFXPXODWHGRYHUWLPH7KLVSDUDPHWHUFDQEHLQWHUSUHWHGDVWKHTXDOLW\RIWKHVWLPXOXVDQGWKH
DPRXQWRI LQIRUPDWLRQFDUULHGE\LW IRUWKHSHUFHLYHU([SHULPHQWDOFRQGLWLRQVIRUZKLFKWKHFRUUHFWGHFLVLRQLV

HDV\
 ZLOO KDYH D KLJKHU GULIW UDWH FRPSDUHG WR PRUH GLIILFXOW FRQGLWLRQV $OVR D IXUWKHU LQWHUSUHWDWLRQ RI WKLV
SDUDPHWHULVWKHVHQVLWLYLW\RIDVXEMHFWWRZDUGVDVWLPXOXV7KHDFFXPXODWLRQRILQIRUPDWLRQYDULHVDFFRUGLQJWR
WKHGULIWUDWHDQGWRDILIWKSDUDPHWHUWKHLQWHUWULDOYDULDELOLW\LQGULIWUDWHGHQRWHGE\HWD7KLVSDUDPHWHUFDQEH
LQWHUSUHWHGDVWKHYDULDELOLW\LQDWWHQWLRQRUPRWLYDWLRQRIWKHGHFLVLRQPDNHURULQWKHFDVHRIFKDQJLQJVWLPXOLLW
FDQEH WKRXJKWRIDV WKHYDULDELOLW\ LQVWLPXOXVTXDOLW\7KH ODVW WZRSDUDPHWHUVRI WKH''0UHIHU WR WKHQRQ
GHFLVLRQV WLPHVLQFH WKHGHFLVLRQPDNHUKDV WRHQFRGH WKHVWLPXOXVDQGH[HFXWH WKHPRWRU UHVSRQVHZKHQ
PDNLQJDGHFLVLRQ7KHQRQGHFLVLRQFRPSRQHQWRID57LVGHQRWHGE\WHUDQGLWVLQWHUWULDOYDULDELOLW\LVGHILQHG
DVVW
,W LV LQWHUHVWLQJ WRQRWH WKDW WKH''0FDQDFFRXQW IRU WKH IXOO UDQJHRI FRUUHFWDQG LQFRUUHFW57VDQG IRU WKH
SUREDELOLW\ RI FRUUHFW DQG ZURQJ DQVZHUV $GGLWLRQDOO\ WKH ''0 RIIHUV VHYHUDO DGYDQWDJHV LQ WHUPV RI WKH
UHODWLRQ EHWZHHQ PRGHO SDUDPHWHUV H[SHULPHQWDO GHVLJQ DQG ZLGHU WKHRUHWLFDO LQWHUSUHWDWLRQ 7KH PDLQ
SDUDPHWHUV RI WKH ''0 KDYH FOHDU LQWHUSUHWDWLRQV LQ WHUPV RI SV\FKRORJLFDO SURFHVVLQJ HJ WKH VSHHG
DFFXUDF\WUDGHRIILVUHIOHFWHGLQWKHVHSDUDWLRQRIWKHGHFLVLRQWKUHVKROGV0RGHOILWWLQJXVLQJWKH''0WHQGV
WR UHYHDO VLQJOH SDUDPHWHUV FKDQJLQJ WKHLU YDOXHV WR WUDFN FKDQJHV DFURVV H[SHULPHQWDO FRQGLWLRQV ,QWHU
UHODWHG WR ERWK RI WKHVH WKH LQWXLWLYH QDWXUH RI VRPH DVSHFWV RI ''0 IXQFWLRQ PHDQV WKDW FKDQJHV WR
H[SHULPHQWDOGHVLJQFDQRIWHQSURGXFHFOHDUSUHGLFWLRQVLQWHUPVRI''0SDUDPHWHUFKDQJH
''0'HFRPSRVLWLRQRI6HPDQWLF&RQJUXLW\(IIHFW 
-RXUQDORI1XPHULFDO&RJQLWLRQ
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
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5HODWLYHO\ IHZ VWXGLHV KDYH DSSOLHG WKH ''0 WR TXHVWLRQV RI QXPHUDF\ MXGJHPHQW 3DUN 	 6WDUQV 
5DWFOLII5DWFOLII7KRPSVRQ	0F.RRQ+RZHYHU WKHVHH[DPSOHVVKRZ WKHEHQHILWVRID''0
GHFRPSRVLWLRQRIGDWD LQ WKLV ILHOG)RUH[DPSOH LQ5DWFOLIIHWDO  WKURXJKDVHULHVRI IRXUQXPHURVLW\
H[SHULPHQWVDXWKRUVKDYHIRXQGWKDWDFFXUDF\LV ODUJHO\GHSHQGDQWXSRQGULIWUDWHZKLOH57VDUHGHWHUPLQHG
E\ WKUHVKROG VHWWLQJV 7KH YDOXHV RI GULIW UDWH DQG ERXQGDU\ VHSDUDWLRQ ZHUH FRUUHODWHG DFURVV WDVNV EXW
LQWHUHVWLQJO\DFURVVVXEMHFWVWKHVHWZRSDUDPHWHUVZHUHQRWFRUUHODWHG:LWKIRXUIXUWKHUH[SHULPHQWVLQZKLFK
VSHHG DQG DFFXUDF\ LQVWUXFWLRQV ZHUH PDQLSXODWHG WKH DXWKRUV UHSOLFDWHG WKH UHVXOWV RI DFFXUDF\GULIW
FRUUHODWLRQ57VERXQGDU\FRUUHODWLRQDQGWKHFRQVLVWHQF\DFURVVWDVNVKRZHYHUEHWZHHQVXEMHFWVGLIIHUHQFHV
ZHUHPDLQWDLQHGHYHQZKHQWKHLQWHUQDOUHVSRQVHFULWHULRQRIVXEMHFWVZDVPDQLSXODWHG7KLVUHVXOWVKRZVWKH
EHQHILW RI D FRPSXWDWLRQDO GHFRPSRVLWLRQ RI GDWD DQG OD\V WKH IRXQGDWLRQ IRU WKH XQGHUVWDQGLQJ RI WKH
FRQWUDVWLQJ UHVXOWV UHJDUGLQJ SUHVHQFHDEVHQFH RI FRUUHODWLRQ EHWZHHQ 57V DQG DFFXUDF\ LQ QXPHUDF\
MXGJHPHQWV$VHFRQGLPSRUWDQWDSSOLFDWLRQRIWKH''0WRQXPHUDF\MXGJHPHQWVFRPHVIURP3DUNDQG6WDUQV
 ,Q 3DUN DQG 6WDUQV  DXWKRUV ZHUH LQWHUHVWHG LQ DFXLW\ PHDVXUHV RI WKH DSSUR[LPDWH QXPEHU
V\VWHP WKHFRJQLWLYHV\VWHPWKDWDOORZV WRHVWLPDWHQXPHURVLW\QRQOLQJXLVWLFDOO\7UDGLWLRQDOO\PHDVXUHVRI
DFXLW\RI WKHDSSUR[LPDWHQXPEHUV\VWHPRQO\ LQYROYHDFFXUDF\+RZHYHUXVLQJ WKH''0 WKHDXWKRUVVKRZ
WKDWPHDVXUHVRIDFXLW\RQO\EDVHGRQDFFXUDF\FDQQRWDFFRXQWIRUVSHHGDFFXUDF\WUDGHRIIVFRQIRXQGVWKDW
GRDIIHFWDFXLW\PHDVXUHPHQWV7KLVPHDQVWKDWWUDGLWLRQDOPHDVXUHVRIDFXLW\DUHOLNHO\WREHLQDFFXUDWHVLQFH
WKH\DUHFRQWDPLQDWHGE\VSHHGDFFXUDF\WUDGHRIIFRQIRXQGV)XUWKHUPRUHWKHDXWKRUVIRXQGWKDWGULIWUDWHLV
DEHWWHUSUHGLFWRURIV\PEROLFPDWKHPDWLFDODELOLW\FRPSDUHGWRSUHYLRXVO\SURSRVHGPHDVXUHV
&RPSDULQJ GLUHFWO\ WKH VHPDQWLF FRQJUXLW\ HIIHFW WKHRULHV GHVFULEHG DERYH LV RXW RI WKH VFRSH RI WKLV ZRUN
VLQFHVRPHRIWKHPDUHQRWIUDPHGZLWKLQWKHHYLGHQFHDFFXPXODWLRQIUDPHZRUN+HUHZHEULQJWKHVHPDQWLF
FRQJUXLW\ HIIHFW ZLWKLQ WKH VDPH IUDPHZRUN DV PDQ\ RWKHU GHFLVLRQ SKHQRPHQD ZH XVH WKH 'ULIW 'LIIXVLRQ
0RGHO5DWFOLII	0F.RRQDQGVKRZKRZLWFDQDFFRXQWIRUWKHVHPDQWLFFRQJUXLW\HIIHFWE\ILWWLQJLWWR
EHKDYLRXUDO GDWD IURP D PDJQLWXGH FRPSDULVRQ H[SHULPHQW FRQGXFWHG ZLWK KXPDQ VXEMHFWV 6LQFH WKH
VHPDQWLFFRQJUXLW\HIIHFWPDQLIHVWVLQFKDQJHVLQGHFLVLRQWLPHWKHXVHRIWKH''0ZKLFKH[SOLFLWO\FRQVLGHUV
WKHWLPHFRXUVHRIGHFLVLRQPDNLQJLVQDWXUDO,QFRQWUDVWVRPHRIWKHKHXULVWLFSURSRVDOVRXWOLQHGDERYHODFN
VXFKIRUPDOGHVFULSWLRQRIKRZGHFLVLRQVHYROYHRYHUWLPHRUZKHQWKH\VSHFLI\KRZWKHGHFLVLRQHYROYHVWKH\
GRVRE\DGRSWLQJDGKRFPRGHOVWKDWRQO\PDNHSUHGLFWLRQVIRUWKHVSHFLILFWDVNEXWFDQQRWEHJHQHUDOLVHGWR
RWKHU WDVNV RU GRPDLQV $ XQLI\LQJ IUDPHZRUN VXFK DV WKH ''0 RYHUFRPH WKH OLPLWDWLRQV RI WDVNVSHFLILF
PRGHOV)XUWKHUPRUHZLWKD''0GHFRPSRVLWLRQZHFDQLQYHVWLJDWHZKLFKGHFLVLRQSDUDPHWHUVDFFRXQWIRUWKH
VHPDQWLF FRQJUXLW\ HIIHFW 7RJHWKHU ZLWK WKH H[SODQDWLRQV SURSRVHG LH GULIW UDWH RU VWDUWLQJ SRLQW RWKHU
SDUDPHWHUVWKDWKDYHQHYHUEHHQWDNHQLQWRDFFRXQWVXFKDVQRQGHFLVLRQWLPHRUERXQGDU\VHSDUDWLRQFRXOG
SOD\DUROHLQWKHVHPDQWLFFRQJUXLW\HIIHFW)RUH[DPSOHWKHQRQGHFLVLRQWLPHZKLFKKDVQHYHUEHHQWDNHQ
LQWR DFFRXQW LQ WKH SUHYLRXV OLWHUDWXUH FRXOG DV ZHOO FRQWULEXWH WR D VHPDQWLF FRQJUXLW\ HIIHFW JLYHQ WKDW WKH
FRQJUXHQF\LQFRQJUXHQF\EHWZHHQ WKHPDJQLWXGHRI WKHVWLPXOL RUEHWZHHQ WKH LQVWUXFWLRQVDQG WKH UHODWLYH
VL]HVRIWKHWDUJHWDQGVWDQGDUGVWLPXOXVFRXOGDIIHFWWKHPRWRUUHVSRQVHRIWKHVXEMHFWV
8VXDOO\LQWZRDOWHUQDWLYHIRUFHGFKRLFHWDVNVSDUDPHWHUVVXFKDVWKHVWDUWLQJSRLQWRIHYLGHQFHDFFXPXODWLRQ
RUWKHERXQGDU\VHSDUDWLRQDUHDVVXPHGWRWDNHWLPHWRFKDQJHDQGDUHDVVXPHGWREHVHWEHIRUHWKHVWLPXOXV
DSSHDUV%RJDF]HWDOKHUHKRZHYHUZHDVVXPHWKDWWKHVL]HRIWKHVWDQGDUGWRZKLFKVXEMHFWVSD\
DWWHQWLRQDWILUVWGXULQJWKHWULDOSUHVHQWDWLRQLVDSSUHKHQGHGTXLFNO\DQGLWDIIHFWVWKHGHFLVLRQSURFHVV,QWKH
OLWHUDWXUHVLPLODUPHFKDQLVPV WKDWDIIHFWV WKHHDUO\ VWDJHVRIDGHFLVLRQDUHGHVFULEHG IRUH[DPSOH3URYRVW
DQG +HDWKFRWH  SURYLGHG D VLPLODU H[SODQDWLRQ IRU D PHQWDO URWDWLRQ WDVN DQG LQ WKHLU FRPSXWDWLRQDO
3LUURQH0DUVKDOO	6WDIIRUG 
-RXUQDORI1XPHULFDO&RJQLWLRQ
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LQYHVWLJDWLRQWKH\IRXQGWKDWSDUWLFLSDQWVDGMXVWHGWKHLUERXQGDU\VHSDUDWLRQRQWKHEDVLVRIDSURSHUW\RI WKH
VWLPXOXVURWDWLRQDQJOH$OVR LWVKRXOGEHQRWHGWKDW W\SLFDOO\ LQ WKHNLQGRI WDVNV LQZKLFKWKH''0LVXVHG
VXEMHFWVHYDOXDWHRQHVLQJOHVWLPXOXV LQ WKLVFDVHDFKDQJH LQGHFLVLRQSDUDPHWHUVFDQQRWEHFRQWLQJHQWRQ
WKHRXWFRPHRI WKHGHFLVLRQ+RZHYHU LQRXUFDVHZHKDYH WKDWRQH IHDWXUHRI WKHVWLPXOXV WKHVL]HRI WKH
VWDQGDUGVWLPXOXVWRZKLFKVXEMHFWVSD\DWWHQWLRQDWILUVWFDQDIIHFWWKHVXEVHTXHQWGLVFULPLQDWLRQRIWKHWDUJHW
,QRXUH[SHULPHQWSDUWLFLSDQWVKDGWRGHFLGHZKHWKHUDWDUJHWVWLPXOXVZDVVPDOOHURUELJJHUWKDQDVWDQGDUG
DUUD\ KHQFH RXUV LV D FODVVLILFDWLRQ SDUDGLJP $ VWLPXOXV H[DPSOH LV UHSRUWHG LQ )LJXUH  2XU H[SHULPHQW
SUHVHQWVVRPHGLIIHUHQFHVZLWKVHPDQWLFFRQJUXLW\ WDVNV LQZKLFKWKHGLUHFWLRQRI WKHFRPSDULVRQ LVH[SOLFLWO\
JLYHQ +RZHYHU ZLWK RXU WDVN ZH HOLFLW D VHPDQWLF FRQJUXLW\ HIIHFW VLPLODUO\ WR ZKDW GRQH EHIRUH E\ RWKHU
DXWKRUVHJ'HKDHQH/LQN0HZKRUW6PLWK	.RKO\
)LJXUH6WLPXOXVH[DPSOH VWLPXOLDUHH[DJJHUDWHG IRUYLVLELOLW\ ,QHDFK WULDO VXEMHFWVKDG WRGHFLGHZKHWKHU WKHDUUD\
SUHVHQWHGRQERWWRP WDUJHWZDVVPDOOHURUELJJHU LQQXPHURVLW\ WKDQ WKHDUUD\SUHVHQWHGRQ WRS VWDQGDUG$IWHU WKHLU
UHVSRQVHVXEMHFWVZHUHSUHVHQWHGZLWKDIL[DWLRQFURVVWKDWRYHUWKHFRXUVHRIPVZDVYDU\LQJLQVL]HDVDZDUQLQJ
VLJQDOWRPDLQWDLQIL[DWLRQDWWKHFHQWUHRIWKHVFUHHQ
([SHULPHQW
3DUWLFLSDQWV
)RXUULJKWKDQGHGVXEMHFWVRQHPDOHPHDQDJH \HDUV6' ZLWKQRUPDORUFRUUHFWHGWRQRUPDO
YLVLRQSDUWLFLSDWHGYROXQWDULO\LQWKHH[SHULPHQWLQH[FKDQJHRIFUHGLWVIRUFRXUVHUHTXLUHPHQWV(DFKSDUWLFLSDQW
ZDVWHVWHGLQIRXUVL[W\PLQXWHVVHVVLRQVRQGLIIHUHQWGD\V7KHH[SHULPHQWZDVDSSURYHGE\WKH8QLYHUVLW\RI
6KHIILHOG'HSDUWPHQWRI3V\FKRORJ\(WKLFV6XE&RPPLWWHHDQGFDUULHGRXWLQDFFRUGDQFHZLWKWKH8QLYHUVLW\
DQG%ULWLVK3V\FKRORJLFDO6RFLHW\HWKLFVJXLGHOLQHVDQGVXEMHFWVJDYHWKHLULQIRUPHGFRQVHQWEHIRUHSHUIRUPLQJ
LW
0DWHULDOV
7KHH[SHULPHQWVZHUHSURJUDPPHGLQ0DWODEXVLQJWKH3V\FKRSK\VLFV7RROER[%UDLQDUG.OHLQHUHWDO
3HOOL:HXVHGDPRGLILFDWLRQRIDQHVWDEOLVKHGSHUFHSWXDOGHFLVLRQWDVN*HUWQHU$UHQG	+HQLN
 3LD]]D HW DO  3LD]]D )XPDUROD &KLQHOOR 	 0HOFKHU  5HYNLQ 3LD]]D ,]DUG &RKHQ 	
'HKDHQH5HYNLQ3LD]]D,]DUG=DPDULDQHWDODQGDW\SHRI
FRQJUXLW\
WDVNVLPLODUWRWKDWXVHG
E\/LQNDQG'HKDHQHVLPLODUVLQFHDOVRLQRXUFDVHVXEMHFWVGHFLGHGZKHWKHUDWDUJHWVWLPXOXV
ZDV ELJJHU RU VPDOOHU WKDQ D VWDQGDUG VWLPXOXV KRZHYHU /LQN  DQG 'HKDHQH  XVHG WZRGLJLW
QXPEHUVLQWKHLUH[SHULPHQWV,QRXUWDVNSDUWLFLSDQWVMXGJHGLIDFOXVWHURIGRWVSUHVHQWHGRQWKHERWWRPRID
''0'HFRPSRVLWLRQRI6HPDQWLF&RQJUXLW\(IIHFW 
-RXUQDORI1XPHULFDO&RJQLWLRQ
9RO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
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ODSWRS VFUHHQ ZDV 
VPDOOHU
 RU 
ELJJHU
 LQ QXPHURVLW\ WKDQ RQH SUHVHQWHG RQ WKH WRS RI WKH VFUHHQ ZLWKRXW
FRXQWLQJDQGUHVSRQGLQJE\EXWWRQSUHVV
7DEOH
6WLPXOL9DOXHVIRU(DFK&RQGLWLRQ
&RQGLWLRQ 1RI'RWV 5DWLR 0DJQLWXGHRI6WDQGDUG 7DUJHWFRPSDUHGWRVWDQGDUGLV
 YV  VPDOO VPDOOHU
 YV  VPDOO VPDOOHU
 YV  VPDOO VPDOOHU
 YV  VPDOO VPDOOHU
 YV  VPDOO VPDOOHU
 YV  VPDOO VPDOOHU
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$OO SRVVLEOH FRPELQDWLRQV RI PRGHOV ZHUH ILWWHG WR HDFK LQGLYLGXDO UHVXOWLQJ LQ D WRWDO RI  PRGHOV SHU
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DVSURSRVHGLQ.DVVDQG5DIWHU\
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VWHHSHUWKDQWKHVORSHIRUWKHRSSRVLWHUHVSRQVH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DUHDSRZHUIXOZD\RIVKRZLQJWKHJRRGQHVVRIILW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FRQYHQWLRQDO     DQG 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SORWV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LH KLJK GLIILFXOW\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